Doxycycline is a tetracycline that has been licensed for veterinary use in some countries, but no clinical breakpoints are available for veterinary pathogens. The objectives of this study were (i) to establish breakpoints for doxycycline and (ii) to evaluate the use of tetracycline as a surrogate to predict the doxycycline susceptibility of Staphylococcus pseudintermedius isolates. MICs and inhibition zone diameters were determined for 168 canine S. pseudintermedius isolates according to Clinical and Laboratory Standards Institute (CLSI) standards. Tetracycline resistance genes were detected by PCR, and time-kill curves were determined for representative strains. In vitro pharmacodynamic and target animal pharmacokinetic data were analyzed by Monte Carlo simulation (MCS) for the development of MIC interpretive criteria. Optimal zone diameter breakpoints were defined using the standard error rate-bounded method. The two drugs displayed bacteriostatic activity and bimodal MIC distributions. Doxycycline was more active than tetracycline in non-wild-type strains. MCS and target attainment analysis indicated a certainty of >90% for attaining an area under the curve (AUC)/MIC ratio of >25 with a standard dosage of doxycycline (5 mg/kg of body weight every 12 h) for strains with MICs of <0.125 g/ml. Tetracycline predicted doxycycline susceptibility, but current tetracycline breakpoints were inappropriate for the interpretation of doxycycline susceptibility results. Accordingly, canine-specific doxycycline MIC breakpoints (susceptible, <0.125 g/ml; intermediate, 0.25 g/ml; resistant, >0.5 g/ml) and zone diameter breakpoints (susceptible, >25 mm; intermediate, 21 to 24 mm; resistant, <20 mm) and surrogate tetracycline MIC breakpoints (susceptible, <0.25 g/ml; intermediate, 0.5 g/ml; resistant, >1 g/ml) and zone diameter breakpoints (susceptible, >23 mm; intermediate, 18 to 22 mm; resistant, <17 mm) were proposed based on the data generated in this study.
T
etracyclines are broad-spectrum bacteriostatic agents that act by binding to the 30S ribosomal subunit, thereby inhibiting protein synthesis (1) . Doxycycline is the most widely used tetracycline in small-animal practice. This tetracycline has enhanced lipophilic properties, compared to older tetracyclines such as tetracycline and oxytetracycline (2) .
Two different commercial doxycycline products are available for use in dogs; doxycycline hyclate tablets (Ronaxan; Merial) are available in several European countries, and doxycycline monohydrate paste or tablets (VibraVet; Pfizer) are available in other countries, including Australia, New Zealand, and South Africa. These products are used for treatment of respiratory tract infections and other infections caused by a variety of bacteria, including staphylococci.
Staphylococcus pseudintermedius is the most important staphylococcal pathogen in dogs, where it can be responsible for a variety of infections, primarily skin infections and otitis (3) . Due to widespread resistance, doxycycline is a second-choice antibiotic in the therapy of canine staphylococcal infections, and prescription is often guided by susceptibility testing. No veterinary clinical breakpoints are available for doxycycline, however, and human tetracycline breakpoints are currently employed for interpretation of doxycycline susceptibility data for canine clinical isolates. Human clinical breakpoints as currently applied in Clinical and Laboratory Standards Institute (CLSI) veterinary standards may not be appropriate for interpretation of susceptibility data for isolates from dogs because (i) the pharmacokinetic (PK) characteristics and protein binding of doxycycline may be different in dogs and humans and (ii) the susceptibility of bacterial isolates may be different in dogs and humans. The two objectives of the present study were (i) to determine canine-specific interpretive criteria for establishing breakpoints for doxycycline and (ii) to evaluate the use of tetracycline as a surrogate drug for interpretation of the doxycycline susceptibility of canine S. pseudintermedius isolates. A multistage approach was used to pursue these objectives. First, the distributions of doxycycline and tetracycline MICs and zone diameters were determined in a collection of canine S. pseudintermedius strains isolated from different countries, and the strains were characterized with respect to their tetracycline resistance gene contents. Second, the bacteriostatic activities of doxycycline and tetracycline were evaluated by time-kill experiments with selected strains representing the wild-type population. Third, the available in vitro pharmacodynamic (PD), target animal PK, and efficacy data were analyzed by Monte Carlo simulation (MCS) for the development of MIC breakpoints. Finally, correlates were developed for interpretive breakpoints for disk diffusion data.
(This study was presented in part in an abstract at the 6th Antimicrobial Agents in Veterinary Medicine [AAVM] Conference, Washington, DC, 23 to 26 October 2012.)
MATERIALS AND METHODS

Bacterial isolates.
A total of 168 canine S. pseudintermedius isolates from Denmark (n ϭ 93), the United States (n ϭ 30), Italy (n ϭ 26), and Germany (n ϭ 19) were included in this study. The strain collection included isolates from 2004 to 2007 (19.6%) or 2008 to 2012 (80.4%). The isolates were identified to the species level by either species-specific PCR (4) or PCR-restriction fragment length polymorphism (RFLP) analysis of the pta gene followed by MboI digestion (5) .
MIC determinations. MICs were determined by the broth microdilution method, in cation-adjusted Mueller-Hinton broth (CAMHB) (Sigma-Aldrich, Germany), as described by the Clinical and Laboratory Standards Institute (6) . The following ranges of concentrations were tested: 0.031 to 64 g/ml for tetracycline and 0.031 to 32 g/ml for doxycycline. Drugs were purchased from Sigma-Aldrich (Germany). Fresh antimicrobial stock solutions in sterile water were prepared on each day of testing.
Disk diffusion. Inhibition zone diameters were determined on Mueller-Hinton agar (Oxoid, United Kingdom) by disk diffusion, according to CLSI standards (6) . Doxycycline (30 g) and tetracycline (30 g) disks were purchased from Oxoid (United Kingdom).
PCR for tetracycline resistance genes. All isolates belonging to the tetracycline-resistant subpopulation were screened by PCR for the presence of resistance genes previously reported in this staphylococcal species, i.e., tet(K), tet(M), tet(L), and tet(O) genes. Primers and cycling conditions were the same as reported previously (7, 8) .
Time-kill curves. Time-kill kinetics were determined for two isolates displaying the most common MICs for tetracycline (0.125 g/ml) and doxycycline (0.063 g/ml) in the wild-type population. The method was based on that described by Blondeau et al. (9) , with minor modifications. Experiments were undertaken in cation-adjusted Mueller-Hinton broth (CAMHB) (Sigma-Aldrich, Germany). Antibiotics were added at concentrations corresponding to 1, 2, 4, 8, and 16 times the MIC of the strain tested. Aliquots of 0.1 ml were collected after 0, 2, 4, 6, 8, and 24 h.
Pharmacokinetics and pharmacodynamics. The pharmacokinetics of doxycycline in dogs have been assessed in previously published studies on the oral administration of doxycycline (10, 11) , the findings of a conference presentation (A. Dominguez, B. Kukanich, and K. Kukanich, presented at the American Academy of Veterinary Pharmacology and Therapeutics 18th Biennial Symposium, Potomac, MD, 20 to 23 May 2013), and one unpublished study performed by one of the veterinary drug sponsors (S. T. B. Rogar, unpublished data). Other studies of nonoral administration in dogs have been published for comparison with studies of oral administration and determination of protein binding (12) (13) (14) (15) (16) (17) . The oral administration studies used for this analysis used a validated assay and uniform methods. One study was an unpublished study conducted by a drug sponsor. One of the authors (M.G.P.) performed pharmacokinetic analyses, using commercial software (Phoenix WinNonlin), on the reported concentrations from that study. The pharmacokinetic data are shown in Table 1 .
In order to utilize the pharmacokinetic data for Monte Carlo simulations, overall means of the data and standard deviations had to be determined. Because each study had different numbers of subjects and there were both within-study and between-study variations, an analysis that allows pooling of data from a variety of published articles to obtain estimates of the population mean and variance for each parameter of interest was performed. The resulting estimated parameter means and variances provided the input for Monte Carlo simulations (MCSs). Because studies had different sample sizes, the data were weighted according to the sample size so that all observations (all animals) had equal weights. Then, for estimations of parameter values based upon the pooling of several studies, variances were estimated as products of both within-study and betweenstudy sums of squares. These data are included in Table 1 for the parameters used in the MCSs, i.e., clearance, half-life, and volume of distribution.
Monte Carlo simulation. Monte Carlo simulations were performed in order to estimate the certainty of attaining the PK/PD target for tetracy- 
van Gool et al. (11) absorption t 1/2 , half-life for oral absorption; T max , time to peak concentration; F, fraction of oral dose absorbed; NR, not reported in the study. Weighted means and standard deviations (described in more detail in the text) account for weighted differences in the numbers of subjects per study and within-study variations. Weighted means were calculated only for parameters that were necessary for Monte Carlo simulations.
cline antimicrobials. Pharmacokinetic/pharmacodynamic target attainment analysis using Monte Carlo simulations to integrate interpatient variability in drug exposure, drug potency, and in vivo exposure targets predictive of positive therapeutic outcomes can be used to derive clinical breakpoints (18) (19) (20) . In this study, the PK/PD target chosen was the ratio of the area under the curve (AUC) of the free (protein unbound) drug concentration in plasma over time to the MIC (AUC/MIC). The AUC/MIC ratio has been established as the preferred target for tetracycline antibiotics (21) . Christianson et al. (22) found that the optimal AUC/MIC ratio in a mouse infection model was 25. Andes and Craig (21) concluded that, for doxycycline, the free-drug 24-h AUC/MIC value associated with a net bacteriostatic effect (static dose) was near 25. This exposure index (24-h AUC/ MIC) necessary for efficacy is not impacted by drug resistance to ␤-lactams, macrolides, or tetracyclines (21) . In contrast, other authors have cited free-drug AUC/MIC targets of 30 (23) and as low as 12 to 13 (24) in clinical studies. Although the bacteriostatic effect was observed at low ratios of Յ25, a higher ratio of 40 to 50 may be necessary for a 2-log 10 CFU reduction in bacteria in a mouse thigh infection model. We felt that these data justified our analysis of free-drug AUC/MIC targets ranging from 40 to 13.
Target attainment (the certainty of attaining the PK/PD target) tables were constructed by performing MCSs using commercial software (Oracle Crystal Ball, fusion edition, release 11.1.2.2.000 [32 bit]). AUC/MIC calculations were performed using the following equation: AUC/MIC ϭ (f u · F · 24 h · dose)/(CL · MIC), where f u is the fraction unbound (protein unbound), F is the fraction absorbed, and CL is the systemic clearance. The value for f u used in the analysis was 0.084, because protein binding levels of 91.75% Ϯ 0.63% (12) and 91.4% (17) have been reported for dogs. Other parameters in the equation have been defined previously. For this simulation, a doxycycline dose for dogs of 5 mg/kg of body weight every 12 h was used. This is the most common clinical dose used for dogs in the United States and is cited as a consensus value in handbooks and reviews (25, 26) . The MCS consisted of 1,000 random trials with input for the parameters listed in Table 1 , across a MIC range of 0.03 to 4 g/ml. Target attainment (certainty of meeting target) was simulated for freedrug AUC/MIC values of 40, 25, and 13.
Statistical analysis of susceptibility data. The MIC distributions for doxycycline and tetracycline were compared by cross-tabulation. Wildtype (epidemiological) cutoff values for tetracycline and doxycycline were estimated by the statistical technique (27) and confirmed by visual inspection.
Disk diffusion zone diameter correlates were estimated using the error rate-bounded method described by CLSI (28) and implemented in the dBETS online software (http://glimmer.rstudio.com/dbets/dBETS). Correlates were determined for both tetracycline and doxycycline 30-g disks.
RESULTS
MIC distributions and wild-type cutoff values. The MIC distributions for both drugs were bimodal (Table 2) , and visual inspection readily distinguished wild-type from non-wild-type populations. Wild-type cutoff values for tetracycline and doxycycline were 0.25 and 0.125 g/ml, respectively. Doxycycline versus tetracycline MICs. The MICs of doxycycline and tetracycline correlated well for both wild-type strains and strains with acquired resistance genes (Fig. 1) . Doxycycline was approximately 2-fold more active than tetracycline in the wild-type strains, which increased to about 8-fold more active against the majority of strains with acquired resistance mechanisms. Tetracycline MIC interpretive criteria of 0.25 g/ml (susceptible), 0.5 g/ml (intermediate), and 1 g/ml (resistant) resulted in no very major, major, or minor errors in predicting doxycycline susceptibility.
Resistance genes. Seventy of the isolates were resistant to tetracycline, of which 66 harbored tet(M) alone. Two isolates harbored tet(K) alone, 1 isolate both tet(K) and tet(M), and 1 isolate tet(O) alone. None of the isolates demonstrated tet(L). All isolates harboring resistance genes displayed higher MICs for both drugs than did the wild-type population. The tet(O)-containing isolate displayed MICs of 2 and 4 g/ml for doxycycline and tetracycline, respectively.
Time-kill curves. Time-kill kinetics for the two drugs were similar for the two S. pseudintermedius isolates tested (Fig. 2) . The rate and extent of in vitro bacterial inhibition were independent of the antimicrobial concentration for both doxycycline and tetracycline.
Pharmacokinetics and pharmacodynamics. The pharmacokinetic variables are shown in Table 1 . These parameters were used in the MCS for development of the target attainment table. The mean values for the pharmacokinetic parameters were used to simulate a doxycycline dose for dogs of 5 mg/kg administered orally every 12 h. This simulation, which represents the predicted mean plasma concentrations for total and free (unbound) drug, is shown in Fig. 3 . Also indicated in Fig. 3 are MIC values of 4 g/ml (the current human breakpoint) and 0.125 g/ml (the proposed breakpoint in this study). Figure 3 represents simple average simulated concentrations and does not account for the variability in the population. The MCS was performed to account for this variation.
Monte Carlo simulation target attainment analysis. The target attainment table from the MCS is shown in Table 3 and Fig. 4 . Target attainment of ϳ100% certainty was reached with MIC values of Յ0.125 g/ml, using free-drug AUC/MIC ratios of 25 and (Table 3 ). Figure 4 shows the steep decline in certainty at MIC values of Ն0.25 g/ml; for higher MIC values, the probability is that essentially 0% of the population will reach the desired PK/PD target (Table 3) . Inhibition zone diameters and correlations with MICs. All isolates belonging to the wild-type population displayed zone diameters of Ն25 mm for doxycycline and Ն24 mm for tetracycline ( Fig. 5a and b) . Isolates belonging to the non-wild-type subpopulation displayed zone diameters of 9 to 21 mm for doxycycline and 7 to 15 mm for tetracycline. All doxycycline-susceptible isolates (MICs of Յ0.125 g/ml) displayed zone diameters of Ն24 mm with tetracycline disks (Fig. 6 ). Doxycycline-resistant isolates (MICs of 1 to 8 g/ml) had tetracycline zone diameters in the range of 7 to 15 mm. Statistical evaluation using proposed doxycycline MIC breakpoints of Յ0.125 g/ml (susceptible), 0.25 g/ml (intermediate), and Ն0.5 g/ml (resistant) revealed corresponding zone diameter breakpoints of Ն23 mm (susceptible), 18 to 22 mm (intermediate), and Յ17 mm (resistant) for 30-g tetracycline disks (Fig. 6 ) and Ն25 mm (susceptible), 21 to 24 mm (intermediate), and Յ20 mm (resistant) for 30-g doxycycline disks (Fig. 5b) .
DISCUSSION
In order to set clinical breakpoints, several types of data are essential, including MIC distributions and other PD data such as time- kill kinetics, genetic resistance markers, target PK/PD index and ratio values, PK data for the target animal species, and clinical efficacy data (29) . Prior to this study, a few studies have been published to describe PK properties of doxycycline in dogs (10) (11) (12) (13) (14) (15) (16) (17) . One additional study was identified (30) , but analysis of the plasma concentrations from that study produced values far out of the range of those listed in Table 1 ; therefore, those data were not incorporated into this analysis. In addition to PK data, doxycycline MIC distributions from canine S. pseudintermedius isolates have been published (31) . In this work, we made an attempt to generate and to analyze the PD and PK data required to set caninespecific clinical breakpoints for doxycycline susceptibility testing of this important veterinary pathogen. Canine-specific breakpoints, rather than human breakpoints, are preferred, and some commercial testing systems (e.g., Sensititre [Trek Diagnostic Systems]) list doxycycline as the only tetracycline on the panel for canine pathogens. According to the current CLSI standards for susceptibility testing of bacteria of veterinary interest (6) , strains susceptible to tetracycline should be regarded as susceptible to doxycycline and minocycline, whereas strains that have intermediate resistance or are resistant to tetracycline may be susceptible to doxycycline, minocycline, or both. Until now, the human breakpoints for tetracycline (which were set many years ago, before modern methods of determining breakpoints had been developed) have been used as class indicator breakpoints. Veterinary-specific breakpoints for doxycycline have not yet been approved by the CLSI. Therefore, interpretation using the human breakpoints considers MIC values of Յ4 g/ml to indicate susceptibility. The evidence presented in this paper indicates that such a breakpoint for susceptible bacteria is not appropriate for canine isolates of S. pseudintermedius, because it does not match the MIC distribution of isolates and does not meet PK/PD criteria for tetracyclines using a typical dose administered to dogs. The MIC distributions observed in this study are likely representative of S. pseudintermedius worldwide, as isolates from different countries and continents were included. The doxycycline and tetracycline MIC distributions are similar to those reported in previous studies in France (31) and Canada (32), respectively. Epidemiological cutoff values, defined as the highest MICs present in the wild-type population (33), were Յ0.125 g/ml for doxycycline and Յ0.25 g/ml for tetracycline according to our data set.
Resistance to tetracyclines in staphylococci is mediated by four different resistance genes (34, 35) ; tet(K) and tet(L) encode drug efflux pumps (35) , while tet(M) and tet(O) mediate ribosomal protection of the drug target (36) . The distribution of resistance genes found in our study is in agreement with previous studies showing that tet(M) is the most prevalent tetracycline resistance gene in S. pseudintermedius (34, 37) . Among Gram-positive species, tet(O) is commonly found in streptococci (38) and enterococci (7) but is rare in staphylococci. To the best of our knowledge, this is the second time that tet(O) has been reported for S. pseudintermedius (34) . The tetracycline MIC of this isolate (4 g/ml) is unusually low for a strain carrying a tetracycline resistance gene mediating ribosomal protection and is remarkably lower than the values for the rest of the resistant subpopulation. This may be due to heterologous expression of tet(O) acquired from a distantly related species.
Regardless of the presence of resistance genes, all isolates were recorded as either susceptible (n ϭ 165) or intermediate resistant (n ϭ 3) to doxycycline by applying tetracycline breakpoints. This finding is in agreement with a recent study by Jones et al. (39) , investigating doxycycline and tetracycline susceptibility of a large number of Gram-positive isolates of human origin. Their study describes the discordance between interpretative criteria for the tetracyclines published by different organizations, and it is concluded that reassessment of tetracycline breakpoints is necessary also for human Gram-positive species (39) . The increased potency of doxycycline over tetracycline is mediated through enhanced lipophilic properties of the former drug (2) . Whether the higher level of doxycycline in vitro susceptibility is reflected clinically depends on additional PK/PD drug properties. The in vitro antibacterial activity of both doxycycline and tetracycline against S. pseudintermedius is time dependent, which is in agreement with previous findings for Staphylococcus aureus (40) . According to the definition by LaPlante et al. (24) , in which a Ͻ3-log 10 CFU/ml reduction in colony count from that of the initial inoculum defines bacteriostatic activity, while a Ն3-log 10 CFU/ml reduction in colony count from that of the initial inoculum defines bactericidal activity, the activities of both drugs against S. pseudintermedius were regarded as bacteriostatic.
There is consensus among experts that PK/PD analysis of antibiotics should use only the unbound drug fraction (41) . As only free unbound drug in plasma is able to penetrate tissues and reach extravascular infection sites, protein binding is a major factor limiting the tissue distribution of drugs. Doxycycline is highly protein bound in canine plasma, i.e., ϳ91% according to the study by Bidgood and Papich (12) . Their study in dogs showed that the high degree of protein binding restricted the distribution of free drug to tissues. As can be seen from the pharmacokinetic simulations (Fig. 3) , for an average dog treated with 5 mg/kg drug every 12 h, the unbound level of drug is remarkably lower than the total plasma concentration. With an AUC/MIC ratio of 25, target attainment values were 97.2%, 60.2%, 10.8%, 0.2%, 0%, and 0% for MICs of 0.125, 0.25, 0.5, 1, 2, and 4 g/ml, respectively.
A Ͼ97% probability of attaining a free-drug AUC/MIC ratio of 25 or 13 was achieved at a MIC value of 0.125 g/ml. Other investigators have recommended that the probability of target attainment should be Ն90% to define the susceptible breakpoint (19, 42) . We propose the same probability level to define 0.125 g/ml as the PD cutoff value in this study. This PD cutoff value is in perfect agreement with the epidemiological cutoff value determined by MIC distributions. We therefore suggest canine-specific doxycycline breakpoints of Յ0.125 g/ml (susceptible), 0.25 g/ml (intermediate), and Ն0.5 g/ml (resistant). Corresponding doxycycline zone diameter breakpoints are Ն25 mm (susceptible), 21 to 24 mm (intermediate), and Յ20 mm (resistant). These MIC breakpoints are 5 log 2 units lower than the current tetracycline breakpoints of Յ4 g/ml (susceptible), 8 g/ml (in-termediate), and Ն16 g/ml (resistant); therefore, the current use of tetracycline breakpoints for the interpretation of doxycycline susceptibility data for canine S. pseudintermedius isolates cannot be justified. Based on our data, it is possible to predict doxycycline susceptibility using tetracycline as a surrogate for doxycycline in broth microdilution plate assays with a high degree of confidence, using breakpoints of Յ0.25 g/ml (susceptible), 0.5 g/ml (intermediate), and Ն1 g/ml (resistant). The observed agreement of doxycycline MICs with tetracycline MICs and zone diameters validates the use of tetracycline as a surrogate drug for MIC testing and disk diffusion studies.
Like any other study, this study has some limitations. First, although isolates from different countries were included, all results are from a single laboratory. Ideally, a multicenter study is needed to take into account interlaboratory variability in the results of susceptibility testing. With regard to the PK analysis, different dosage regimens are recommended for the different doxycycline products marketed. Calculations were based on a dosage regimen of 5 mg/kg every 12 h. For Ronaxan (Merial), a daily dose of 10 mg/kg is recommended. For VibraVet (Pfizer), a loading dose of 5 mg/kg is followed at 12-h intervals by two doses of 2.5 mg/kg. Maintenance doses of 2.5 mg/kg are given subsequently at 24-h intervals for 5 days. Administration of a loading dose to reach the PK/PD target after the first dose is recommended in order to enhance clinical efficacy (43) . Our proposed susceptible breakpoint of 0.125 g/ml is sufficiently conservative that dosage regimens used in other countries or failure to administer a loading dose also would likely result in clinical success, but we cannot exclude the possibility that differences in dosage regimens may give somewhat different results in the Monte Carlo target attainment analysis. It would be ideal to have additional pharmacokinetic studies, preferably population pharmacokinetic studies in a large population of clinically affected dogs, to derive pharmacokinetic parameters for Monte Carlo simulations. Because such studies are not available, we used the only pharmacokinetic data available to us. Clinical breakpoints based on epidemiological and PD cutoff values should ideally be validated by clinical cutoff values (29) . It would be preferable to have a controlled clinical trial to determine the MIC cutoff values for clinical cures versus failures in canine patients treated with doxycycline at the dose used in this study. The only evidence of clinical success with doxycycline in dogs is the licensing of this medication for treatment of routine infections in dogs in several countries outside the United States. The AUC/MIC ratio of 25 for a static effect applied in the target attainment analysis was derived from a study with Streptococcus pneumoniae (22) and not staphylococci. However, LaPlante et al. (24) used methicillin-resistant S. aureus in a murine thigh infection model and an in vitro model. In those models, the bacteriostatic activity values for the doxycycline free-drug AUC/MIC ratio were 12.4 and 20.4, respectively. Finally, doxycycline is known to possess biological properties other than purely antimicrobial effects, including anti-inflammatory effects (44) . Whether (and how) these effects contribute to the clinical response in canine pyoderma is unknown. Thus, this aspect could not be taken into consideration in the development of the proposed breakpoints.
This study shows that tetracycline can be used as a surrogate drug to predict the doxycycline susceptibility of canine S. pseudintermedius isolates. However, tetracycline breakpoints are inappropriate for the interpretation of doxycycline susceptibility testing results. For this purpose, we recommend tentative caninespecific doxycycline breakpoints for broth microdilution (susceptible, Յ0.125 g/ml; intermediate, 0.25 g/ml; resistant, Ն0.5 g/ml) and disk diffusion (susceptible, Ն25 mm; intermediate, 21 to 24 mm; resistant, Յ20 mm) findings. Tetracycline 30-g disks may also be used as surrogates for doxycycline disks using the proposed interpretive criteria (susceptible, Ն23 mm; intermediate, 18 to 22 mm; resistant, Յ17 mm), and tetracycline breakpoints of Յ0.25 g/ml (susceptible), 0.5 g/ml (intermediate), and Ն1 g/ml (resistant) may be used for MIC susceptibility tests.
